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© Variable force cylinder device. 

© A variable force cylinder device with a piston 
(20) reciprocated by a pressurized fluid in a cylinder 
chamber (18), in which the piston (20) has a large- 
diameter portion (34) and a small-diameter portion 
(36), the cylinder chamber (18) has a large-bore 
portion (30) corresponding to the large-diameter por- 
tion of the piston (34) and a small-bore portion (32) 
corresponding to the small-diameter portion of the 
piston (36), and a variable force mechanism is pro- 
vided for varying a pressure-receiving area of the 
piston (20) under an interaction of the piston (20) 
with the cylinder chamber (18) varying depending on 
the phases of the piston stroke. 
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BACKGROUND OF THE INVENTION 

Field of the invention: 

This invention relates to a cylinder device, and 
more specifically to a variable force cylinder device 
in which a pressure-receiving area of a piston is 
altered depending on the travel distance of the 
piston in a cylinder chamber so that the force 
yielded by the piston is varied. 

Description of the Related Art: 

A clamping device having a crank mechanism 
coupled to a cylinder device has been used to hold 
a workpiece. 

In the cylinder device incorporated into such a 
clamping device, a piston is moved by a pressur- 
ized fluid introduced into a cylinder chamber and 
the reciprocating motion of the piston is transferred 
to the crank shaft to cause the crank arm to rotate- 
Conventionally, the force produced by the piston is 
constant regardless of the phases in a piston 
stroke, or the travel distance of the piston in the 
cylinder chamber. Therefore, the force for clamping 
the workpiece exerted by the crank arm is also 
kept constant regardless of the travel distance of 
the crank arm. Hence, there has been a danger of 
injury in which an operator is pinched of his/her 
hand or fingers by the crank arm. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve 
the above problem. Therefore, an object of the 
present invention is to provide a variable force 
cylinder device which outputs the force, the 
strength of which is altered depending on the travel 
distance of the piston in the cylinder chamber. 

Such a cylinder device would be preferably 
used in a clamping device, for example, from a 
safety point of view as stated in the above. 

In order to achieve the above object, there is 
provided a variable force cylinder device according 
to the present invention, which comprises: a piston 
having a large-diameter portion and a small-diam- 
eter portion; a cylinder chamber having a large- 
bore portion corresponding to the large-diameter 
portion of the piston and a small-bore portion cor- 
responding to the small-diameter portion of the 
piston; and a variable force mechanism for altering 
a pressure-receiving area of the piston under an 
interaction of the piston with the cylinder chamber 
varying depending on the phases in the piston 
stroke. 

The above and other objects, features and ad- 
vantages of the present invention will become ap- 
parent from the following description and the ap- 


pended claims, taken in conjunction with the ac- 
companying drawings in which preferred embodi- 
ments of the present invention are shown by way 
of illustrative example. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical cross-sectional view showing 
the manner in which a piston employed in a 
10 variable force cylinder device is being situated 

in a start position; 

FIG. 2 is a vertical cross-sectional view illustrat- 
ing the manner in which the piston is being 
situated in a terminal position of a piston stroke; 
75 FIG. 3 is a perspective view partly in section 

showing a ring member serving as a check 
valve; 

FIG. 4 is a cross-sectional view illustrating the 
operation of the check valve; 

20 FIG. 5 is a vertical cross-sectional view showing 

the manner in which a piston employed in a 
variable force cylinder device according to a 
second embodiment of the present invention is 
being situated in a start position; 

25 FIG. 6 is a vertical cross-sectional view illustrat- 
ing the manner in which the piston employed in 
the variable force cylinder device shown in FIG. 
5 is being situated in a terminal position of a 
piston stroke; 

30 FIG. 7 is a vertical cross-sectional view depict- 
ing the manner in which a piston employed in a 
third embodiment of the present invention is 
being situated in a start position; 
FIG. 8 is a vertical cross-sectional view showing 

35 the manner in which the piston employed in the 
variable force cylinder device shown in FIG. 7 is 
being situated in a terminal position of a piston 
stroke; 

FIG. 9 is a vertical cross-sectional view illustrat- 
40 ing the manner in which a piston employed in a 

variable force cylinder device according to a 

fourth embodiment of the present invention is 

being situated in a start position; 

FIG. 10 is a vertical cross-sectional view depict- 
45 ing the manner in which the piston employed in 

the variable force cylinder device shown in FIG. 

9 is being situated in a terminal position of a 

piston stroke; 

FIG. 11 is a vertical cross-sectional view s show- 
50 ing the manner in which a piston employed in a 

variable force cylinder device according to a fifth 

embodiment of the present invention is being 

situated in a start position; and 

FIG. 12 is a vertical cross-sectional view illus- 
55 trating the manner in which the piston employed 

in the variable force cylinder device shown in 

FIG. 11 is being situated in a terminal position of 

a piston stroke. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Variable force cylinder devices according to 
the present invention will hereinafter be described 
in detail with reference to the accompanying draw- 
ings in which preferred embodiments are shown by 
way of illustrative example. 

(First Embodiment) 

FIG. 1 is a vertical cross-sectional view show- 
ing the manner of starting of a piston employed in 
a variable force cylinder device according to a first 
embodiment of the present invention. FIG. 2 is a 
vertical cross-sectional view illustrating the manner 
in which the piston employed in the variable force 
cylinder device shown in FIG. 1 , has been moved 
to a terminal position of the piston stroke. 

The variable force cylinder device 10 according 
to the first embodiment basically comprises a cyl- 
inder body 12, pressurized fluid discharge/intake 
ports 14 and 16 respectively defined in the cylinder 
body 12, a piston 20 slidably displaced in the 
direction indicated by an arrow A or B within a 
cylinder chamber 18 defined in the cylinder body 
12, a piston rod 22 connected to the piston 20, and 
a bent arm 28 coupled to a leading end portion of 
the piston rod 22 by pins 24a and 24b and con- 
nected thereto so as to be rotatable in the direction 
indicated by an arrow about a crank pin 26. 

The cylinder chamber 18 has a large-bore por- 
tion 30 which communicates with the port 14, and a 
small-bore portion 32 which communicates with the 
port 16 and has an inner diameter smaller than that 
of the large-bore portion 30. In this arrangement, 
the piston 20 reciprocates between the large-bore 
portion 30 and the small-bore portion 32. 

The piston 20 is made up of a large-diameter 
portion 34 having a large outer diameter and a 
small-diameter portion 36 having a small outer di- 
ameter. 

An annular groove 38 is defined in the large- 
diameter portion 34 of the piston 20 (see FIG. 4). A 
check valve 42 having a ring body in which a 
plurality of concave portions 40 are defined at 
predetermined intervals as shown in FIG. 3, is fitted 
in the annular groove 38. A bent portion 45, which 
has a tongue 44 provided on the inner periphery 
side of the check valve 42 and flexed or bent in the 
direction indicated by arrow and which is provided 
on the outer periphery side of the check valve 42, 
abuts against the peripheral wall surface of the 
large-bore portion 30. 

A seal ring 46 is mounted on the small-diam- 
eter portion 36 of the piston 20. The seal ring 46 is 
brought into contact with the wall surface of the 
small-bore portion 32 to carry out a sealing func- 


tion. Incidentally, a annular clearance 48 is pro- 
vided in the cylinder body 12 so as to commu- 
nicate with the small-bore portion 32 and the port 
16. 

5 The variable force cylinder device 10 according 

to the present embodiment is basically constructed 
as described above. Operation of the variable force 
cylinder device 10 will next be described below. 
A pressurized fluid is first supplied from an 

io unillustrated pressurized-fluid supply device to the 
variable force cylinder device 10 through the port 
14. Here, the port 16 is set to a half-opened state 
so as to allow the passage of a slight pressurized 
fluid by an unillustrated solenoid-controlled valve. 

75 The pressurized fluid introduced through the port 
1 4 passes through the check valve 42 along a path 
indicated by an arrow in FIG. 4B so as to enter into 
the small-bore portion 32 on the piston rod 22 side. 
Thus, the large-bore portion 30 in the cylinder 

20 chamber 18 communicates with the small-bore por- 
tion 32, so that the front and rear pressures of the 
piston 20 are actually balanced. As a result, only a 
portion corresponding to a sectional area of the 
piston rod 22 serves as a pressure-receiving area. 

25 Thus, the piston 20 is moved in the direction of the 
piston stroke by a pressing force of the pressurized 
fluid, which acts on the sectional area of the piston 
rod 22. 

Incidentally, the pressurized fluid introduced 

30 into the small-bore portion 32 passes through the 
annular clearance 48 so as to be discharged into 
the outside through the port 16. Here, the piston 
rod 22 moves in the direction indicated by the 
arrow A alike the piston 20 and the arm 28 is 

35 rotated a predetermined angle in the direction in- 
dicated by the arrow about the crank pin 26. 

Thus, since the force acting on the piston 20 
toward the piston rod 22 is relatively weak until the 
piston 20 reaches the terminal position of its 

40 stroke, a clamping force of the arm 28 is also 
maintained weak. As a result, injury can be avoided 
even if the operator's hand is inadvertently pinched 
by the turning arm 28. 

When the piston 20 approaches the terminal 

45 position of its stroke shown in FIG. 2, and the seal 
ring 46 mounted on the small-diameter portion 36 
of the piston 20 comes in contact with the wall 
surface of the small-bore portion 32 of the cylinder 
chamber 18, the pressurized fluid which leaks 

so through the check valve 42 is blocked by the seal 
ring 46 from entering into the rear of the piston 20. 
Thus, the pressurized fluid supplied from the port 
14 acts on the total sectional area of the large- 
diameter portion 32 of the piston 20 in the terminal 

55 position of its stroke shown in FIG. 2. Since the 
force acting on the piston 20 toward the piston rod 
22 becomes strong, the workpiece can be reliably 
clamped by the arm 28. 
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On the other hand, when the pressurized fluid 
is introduced through the port 16, the pressurized 
fluid passes through the annular clearance 48 and 
acts on a pressure-receiving surface of the small- 
diameter portion 36 oF the piston 20. When the 
piston 20 is displaced in the direction indicated by 
the arrow B and the seal ring 46 of the piston 20 
reaches the large-bore portion 30, the sealing ef- 
fect of the seal ring 46 is lost. However, the tongue 
44 of the check valve 42 is flexed in the direction 
indicated by the arrow shown in FIG. 4A and pre- 
vents the pressurized fluid from leaking into the 
port 14 side. Accordingly, the piston 20 can travel 
to the original position shown in FIG. 1 . 

(Second Embodiment) 

A variable force cylinder device according to a 
second embodiment of the present invention will 
be shown in FIGS. 5 and 6. In the following em- 
bodiment, the same elements of structure em- 
ployed in the first embodiment are identified by like 
reference numerals and their detailed description 
will therefore be omitted. 

The variable force cylinder device 50 according 
to the second embodiment comprises a cylinder 
body 58 having a cylinder chamber 56 made up of 
a large-bore portion 52 and a small-bore portion 
54, and a piston 60 slidable displaced within the 
cylinder chamber 56 of the cylinder body 58. The 
piston 60 has a small-diameter portion 62 having a 
small pressure-receiving area and a large-diameter 
portion 64 having a large pressure-receiving area. 
A cylindrical member 66, which surrounds the 
small-diameter portion 62 and is elastically coupled 
to the small-diameter portion 62, is provided on the 
outer peripheral surface of the small-diameter por- 
tion 62 (see FIGS. 5 and 6). Incidentally, a ring- 
shaped sealing member 68 pressed against the 
cylinder chamber 56 is secured to the large-diam- 
eter portion 64 of the piston 60. A pressurized-fluid 
introduction hole 70 is defined in a leading end 
portion of the cylindrical member 66. A sealing 
member 72, which is brought into sliding contact 
with the outer peripheral surface of the cylindrical 
member 66, is provided within the small-bore por- 
tion 54 in the cylinder chamber 56. 

The pressurized fluid introduced through the 
port 14 of the variable force cylinder device 50 
according to the second embodiment is pressed 
against the pressure-receiving area of the small- 
diameter portion 62 through the introduction hole 
70 of the cylindrical member 66 so as to move the 
piston 60 in the direction indicated by the arrow A. 
Since, the pressure-receiving area of the small- 
diameter portion 62 is small, the force acting on 
the piston 60 in the direction indicated by the arrow 
A is relatively weak. An arm 28 is rotated a pre- 


determined angle about a crank pin 26 together 
with the displacement of the piston 60. Since, the 
sealing member 72 slides on the outer peripheral 
surface of the cylindrical member 66, a sealing 

5 effect is exhibited. 

Next, when the piston 60 is displaced in the 
direction indicated by the arrow A and approaches 
a position where the reciprocating motion of the 
piston 60 is terminated, the cylindrical member 66 

w is detached from the sealing member 72 so that 
the pressurized fluid introduced through the port 14 
acts on the large-diameter portion 64 of the piston 
60 as a pressure-receiving surface. Therefore, the 
pressure-receiving area is changed from that of the 

75 small-diameter portion 62 to that of the large-diam- 
eter portion 64, and the force acting on the piston 
60 in the terminal direction becomes strong. Thus, 
when the piston 60 has reached the terminal posi- 
tion of its stroke, a relatively strong force is trans- 

20 mitted to the arm 28 to thereby enable a workpiece 
to be reliably clamped. 

(Third Embodiment) 

25 A variable force cylinder device 80 according 

to a third embodiment of the present invention will 
now be illustrated in FIGS. 7 and 8. 

The variable force cylinder device 80 com- 
prises a cylinder body 88 having a projection 86 

30 with a communication path 84 communicating with 
a pressurized fluid discharge/intake port 14 defined 
in a cylinder chamber 82, and a piston 90 slidable 
displaced in the cylinder chamber 82 of the cyl- 
inder body 88. The piston 90 has a blind hole 92, 

35 whose bottom face acts as a small-diameter portion 
of the piston 90, in which the projection 86 can 
enter, and a large-diameter portion 94 having a 
large pressure-receiving area. Incidentally, a seal- 
ing member 96 pressed against the inner wall of 

40 the cylinder chamber 82 is mounted on the large- 
diameter portion 94 of the piston 90, whereas a 
sealing member 98 brought into sliding contact 
with the outer peripheral surface of the projection 
86 is provided at an entrance position of the blind 

45 hole 92. In the variable force cylinder device 80 
according to the present embodiment, the cylinder 
chamber 82 is set to the same diameter unlike the 
variable force cylinder devices according to the 
aforementioned embodiments. 

so A pressurized fluid introduced from the port 14 

and through the communication path 84 in the 
projection 86 of the cylinder 80 according to the 
third embodiment, acts on the bottom face of the 
blind hole 92 to thereby move the piston 90 in the 

55 direction indicated by an arrow A. Since the pres- 
sure-receiving area of the blind hole 92 is small, 
the force acting on the piston 90 in the direction of 
termination of a piston stroke is relatively weak. In 
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this situation, the sealing member 98 is pressed 
against the outer peripheral surface of the projec- 
tion 98 so as to exhibit a sealing effect. 

Next, when the piston 90 is shifted in the 
direction indicated by the arrow A and approaches 
a position where the reciprocating motion of the 
piston 90 is terminated as shown in FIG. 8, the 
sealing member 98 is detached from the outer 
peripheral surface of the projection 86 and hence 
the pressurized fluid introduced through the port 14 
is pressed against the large-diameter portion 94 of 
the piston 90 as a pressure-receiving surface. 
Therefore, when the pressure-receiving area is 
changed from a small one to a large one, the force 
acting on the piston 90 in the direction of termina- 
tion of its stroke becomes relatively strong. Thus, 
when the piston 90 is situated in the terminal 
position of its stroke and the arm 28 is rotated the 
predetermined angle, a relatively strong force is 
transmitted to the arm 28 so that a workpiece can 
be reliably clamped. 

(Fourth Embodiment) 

A variable force cylinder device 100 according 
to a fourth embodiment of the present invention will 
next be shown in FIGS. 9 and 10. 

The variable force cylinder device 100 com- 
prises a cylinder body 108 having a cylinder cham- 
ber 106 comprised of a large-bore portion 102 and 
a small-bore portion 104. A piston 110 has a blind 
hole 112 having the bottom face as a small pres- 
sure-receiving area and a large-diameter portion 
114 having a large pressure-receiving area. A rod 
member 118 having a communication path 116 
defined therein, which communicates with a pres- 
surized fluid discharge/intake port 14, is slidably 
fitted in the blind hole 112 so as to be capable of 
expansion or contraction. 

Incidentally, a sealing member 120 pressed 
against the large-bore portion 102 in the cylinder 
chamber 106 is mounted on the large-diameter 
portion 114 of the piston 110, whereas a sealing 
member 122 brought into sliding contact with the 
outer peripheral surface of the rod member 118 is 
provided inside of the small-bore portion 104. 

Operation of the variable force cylinder device 
100 according to the fourth embodiment will now 
be described below. A pressurized fluid introduced 
through the port 1 4 acts on the bottom face of the 
blind hole 112 having the small pressure-receiving 
area through the communication path 116 of the 
rod member 1 18 to thereby move the piston 1 10 in 
the direction indicated by an arrow A. Since the 
pressure-receiving area of the blind hole 112 is 
small, the force acting on the piston 110 in the 
direction of termination of its stroke is relatively 
weak. The sealing member 122 mounted on the 
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inner wall of the small-bore portion 104 can be 
pressed against the outer peripheral surface of the 
rod member 1 18 so as to exhibit a sealing effect. 
Next, when the piston 110 is further moved in 

5 the direction indicated by the arrow A and reaches 
a position shown in FIG. 10, the sealing member 
122 is detached from the outer peripheral surface 
of the rod member 118 so that the pressurized fluid 
introduced through the port 14 acts on the large- 

10 diameter portion 114 of the piston 110 as a pres- 
sure-receiving surface. Therefore, since the pres- 
sure-receiving area is changed from a small one to 
a large one, the force acting on the piston 110 in 
the direction of its stroke becomes relatively 

75 strong. Thus, when the piston 110 is situated in a 
terminal position of the its stroke and the arm 28 is 
rotated the predetermined angle, a relatively strong 
force is transmitted to the arm 28 so that a work- 
piece can be reliably clamped. 

20 

(Fifth Embodiment) 

A variable force cylinder device 130 according 
to a fifth embodiment of the present invention will 

25 next be shown in FIGS. 11 and 12. 

The variable force cylinder device 130 com- 
prises a cylinder body 138 having a cylinder cham- 
ber 136 made up of a large-bore portion 132 and a 
small-bore portion 134. A piston 140 has a small- 

30 diameter portion 142 having a small pressure-re- 
ceiving area and a large-diameter portion 144 hav- 
ing a large pressure-receiving area. 

Incidentally, a sealing member 146 pressed 
against the inner wall of the cylinder chamber 136 

35 is mounted on the large-diameter portion 144. Fur- 
ther, a sealing member 148 brought into sliding 
contact with the outer peripheral surface of the 
small-diameter portion 142 of the piston 140 is 
provided inside of the small-bore portion 134 in the 

40 cylinder chamber 136. 

Operation of the variable force cylinder device 
130 according to a fifth embodiment will now be 
described below. A pressurized fluid introduced 
through a pressurized fluid discharge/intake port 14 

45 is supplied to the small-bore portion 134 so as to 
act on the pressure-receiving surface of the small- 
diameter portion 142 of the piston 140, thereby to 
move the piston 140 in the direction indicated by 
an arrow A. Since, the pressure-receiving area of 

so the small-diameter portion 142 is small, the force 
acting on the piston 140 in the direction of termina- 
tion of its stroke is relatively weak. The sealing 
member 148 provided inside of the small-bore por- 
tion 134 can be pressed against the outer periph- 

55 eral surface of the small-diameter portion 142 of 
the piston 1 40 so as to exhibit a sealing effect. 

Further, when the piston 140 is displaced in the 
direction indicated by the arrow A and approaches 
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a position shown in FIG. 12 where the piston stroke 
is terminated, the sealing member 148 is detached 
from the outer peripheral surface of the small- 
diameter portion 142 so that the pressurized fluid 
introduced through the port 14 acts on the large- 
diameter portion 144 of the piston 140 as a pres- 
sure-receiving surface. Therefore, since the pres- 
sure-receiving area is changed from a small one to 
a large one, the force acting on the piston 140 in 
the direction of the termination of the piston stroke 
is relatively strong. Thus, when the piston 140 is 
situated in the terminal position of its stroke and 
the arm 28 is rotated the predetermined angle, a 
relatively strong force is transmitted to the arm 28 
so that a workpiece can be reliably clamped. 

Thus, when the pressure-receiving area of the 
piston is changed in the course the piston is 
moved from the start position to the terminal posi- 
tion of its stroke, the force acting on the piston can 
be varied. As a result, the clamping force of the 
clamping arm rotated in response to the reciprocat- 
ing motion of the piston can be varied. 

Having now fully described the invention, it will 
be apparent to those skilled in the art that many 
changes and modifications can be made without 
departing from the spirit or scope of the invention 
as set forth herein. 

Claims 

1. A variable force cylinder device having a pis- 
ton reciprocated by a pressurized fluid in a 
cylinder chamber, wherein: 

said piston has a large-diameter portion 
and a small-diameter portion; 

said cylinder chamber has a large-bore 
portion which corresponds to said large-diam- 
eter portion of the piston, and a small-bore 
portion which corresponds to said small-diam- 
eter portion of the piston; and 

a variable force mechanism is provided for 
varying a pressure-receiving area of the piston 
under a varying interaction of the piston with 
the cylinder chamber depending on the phases 
of a piston stroke. 

2. A cylinder device according to claim 1, 
wherein said piston is connected to a piston 
rod whose diameter is smaller than any of the 
diameters of said large- and small-diameter 
portions which are arranged in the stated order 
in the direction of a descending stroke of the 
piston in which an end face of the large-diam- 
eter portion is moving away from the bottom of 
the large-bore portion, wherein the pressurized 
fluid is introduced into the bottom of said 
large-bore portion when the piston is in said 
descending stroke, and into the bottom of said 


small-bore portion when the piston is in an 
ascending stroke in which said end face of the 
large-diameter portion is approaching to the 
bottom of the large-bore portion, and wherein 

s said variable force mechanism comprises: 

a ring member which is mounted around 
said large-diameter portion, whose periphery is 
in sliding contact with a wall surface of said 
large-bore portion, and serves as a check 

10 valve for allowing the pressurized fluid to leak 

only in the direction of said descending stroke; 
and 

a seal ring which is mounted around said 
small-diameter portion and serves as the seal 
?5 ring only when said small-diameter portion is 

fitted in said small-bore portion in a final phase 
of said descending stroke. 

3. A cylinder device according to claim 1, 
20 wherein said small- and large-diameter por- 
tions are arranged in the stated order in the 
direction of a descending stroke of the piston 
in which an end face of said small -diameter 
portion is moving away from the bottom of the 

25 small-bore portion, wherein the pressurized flu- 

id is introduced into the bottom of said small- 
bore portion when the piston is in said de- 
scending stroke, and into the bottom of said 
large-bore portion when the piston is in an 

30 ascending stroke in which said end face of the 

small-diameter portion is approaching to said 
bottom of the small-bore portion, and wherein 
said variable force mechanism comprises: 

said small-diameter portion of the piston 

35 formed as a straight rod; 

a cylindrical member for covering the 
whole of said straight rod slidably and fluid- 
tightly, having a hole defined in the bottom 
thereof for introducing the pressurized-fluid 

40 into said cylindrical member from said small- 

bore portion, having an end portion in said 
bottom side of said cylindrical member, whose 
outer diameter is reduced so that the pressur- 
ized-fluid leaks into said large-bore portion 

45 through an annular space formed between said 

end portion and said small-bore portion in a 
final phase of said descending stroke; said 
small-bore portion of the cylinder chamber 
formed as a straight hole for receiving the 

so whole of said cylindrical member slidably and 

fluid-tightly until said final phase of said de- 
scending stroke is reached; and 

said large-diameter portion of the piston 
fitted in said large-bore portion of the cylinder 

55 chamber. 

4. A cylinder device according to claim 1, 
wherein a pressure-receiving face of said 
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small-diameter portion is provided as a bottom 
face of a blind hole bored into a piston body 
from an end face of said piston, and said 
large-diameter portion is located at said end 
face, wherein the cylinder chamber has only 5 
said large-bore portion over the entire length, 
wherein the pressurized fluid is introduced into 
said blind hole through a nozzle when the 
piston is in a descending stroke in which said 
end face of the piston is moving away from a w 
bottom of the cylinder chamber from which 
said nozzle projects, and into the cylinder 
chamber when the piston is in an ascending 
stroke in which said end face of the piston is 
approaching to said bottom of the cylinder is 
chamber, and wherein said variable force 
mechanism comprises: 

said nozzle having a length identical to or 
shorter than a stroke of the piston, a pass for 
introducing the pressurized-fluid therethrough 20 
and an end portion whose outer diameter is 
reduced so that the pressurized-fluid leaks into 
the cylinder chamber through an annular space 
formed between said end portion and said 
blind hole in a final phase of said descending 25 
stroke; 

said blind hole in which the whole of said 
nozzle is received slidably and fluid-tightly until 
said final phase of said descending stroke is 
reached; and 30 

said large-diameter portion of the piston 
fitted in said large-bore portion of the cylinder 
chamber. 

5. A cylinder device according to claim 1, 35 
wherein a pressure-receiving face of said 
small-diameter portion is provided as a bottom 
face of a blind hole bored into a piston body 
from an end face of said piston in the depth 
identical to or shorter than a stroke of the 40 
piston, said large-diameter portion is located at 
said end face, wherein small- and large-bore 
portions are arranged in the stated order in the 
direction of a descending stroke of the piston 
in which said end face of the piston is moving 45 
away from a bottom of said large-bore portion 
to which said end face faces, wherein said 
pressurized fluid is introduced into said blind 
hole through said small-bore portion and a rod 
member when the piston is in said descending 50 
stroke, and into said large-bore portion when 
the piston is in an ascending stroke in which 
said end face of the piston is approaching to 
said bottom of the large-bore portion, and 
wherein said variable force mechanism com- 55 
prises: 

said rod member for slidably connecting 
said blind hole and said small-bore portion, 
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having a through-hole to make the pressure of 
the pressurized fluid act on said bottom face of 
the blind hole, and an end portion fitted in the 
small-bore portion, whose outer diameter is 
reduced so that the pressurized-fluid leaks into 
said large-bore portion through an annular 
space formed between said end portion and 
the small-bore portion in a final phase of said 
descending stroke; 

said small-bore portion in which a portion 
of said rod member provided with said end 
portion, is received slidably and fluid-tightly 
until said final phase of said descending stroke 
is reached; 

said blind hole in which the rest portion of 
said rod member is received slidably and fluid- 
tightly; and 

said large-diameter portion of the piston 
fitted in said large-bore portion of the cylinder 
chamber. 

6. A cylinder device according to claim 1, 
wherein said small- and large-diameter por- 
tions are arranged in the stated order in the 
direction of a descending stroke of the piston 
in which an end face of said small-diameter 
portion is moving away from the bottom of the 
small-bore portion, wherein said pressurized 
fluid is introduced into the bottom of said 
small-bore portion when the piston is in said 
descending stroke, and into the bottom of said 
large-bore portion when the piston is in an 
ascending stroke in which said end face of the 
small-diameter portion is approaching to said 
bottom of the small-bore portion, and wherein 
said variable force mechanism comprises: 

said small-diameter portion of the piston 
formed as a straight rod whose length is iden- 
tical to or shorter than a stroke of the piston, 
having an end portion whose diameter is re- 
duced so that the pressurized-fluid leaks into 
said large-bore portion through an annular 
space formed between said end portion and 
said small-bore portion in a final phase of said 
descending stroke; 

said small-bore portion of the cylinder 
chamber in which the whole of said small- 
diameter portion is received slidably ant fluid- 
tightly until said final phase of the descending 
stroke is reached; and 

said large-diameter portion of the piston 
fitted in said large-bore portion of the cylinder 
chamber. 
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FIG.3 
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FIG.AA 
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FIG.4B 
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FIG.6 
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